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ABSTRACT

North American Rockwell is proposing new heater
control electronics for the AAP CM-SM. The presently baselined
scheme includes redundant, fully automatic circuits employing
bi-metallic thermostats. 1In the proposed AAP scheme, a
mercury capillary is used on small heaters and a proportional
controller is used on large heaters to limit power surges.

A cursory examination indicates that the change to new control
electronics is not strictly nceded but desirable. North

American feels that cost and scheduling deltas will be small.
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MEMORANDUM FOR FILE

North American Rockwell is proposing new heater
control electronics to supplant the presently baselined
scheme. The question has been asked by Mr. Schneider as
to whether (he change is needcod. To quickly evaluate the
change, and answer this question, the following three
control schemes are compared: 1) the Apollo Block II
scheme, 2) the presently baselined scheme, and 3) the newly
proposed scheme.

In Block II, two basic circuits are used: 1) simple
on-off manual control and 2) single thermostat control. Both
systems are redundant, and both require instrumentation
monitoring during normal operations. The thermostats arc
bi-metallic "on-off" devices. (See Figure 1 for schematics
of the various circuits).

In the longer AAP missions, the decrease in available
crew monitoring time in the CM, coupled with the large number of
heaters required for the fixed attitude environments, creates a
need for more reliable (long life), fully-automatic controls.
The present baselined system represents an effort to fulfill
this need employing Block II type equipment; however, more
thermostats are used, and the wiring is different than in
Block II. To illustrate (Figure 1), the Block II manual
circuit has no thermostats and the Block II single thermostat
circuit has redundant control with one thermostat each, while
the AAP baselined scheme has redundant control with three
thermostats each (a total of six). Two parallel thermostats
control temperatures within the desired range and a third
thermostat, in series, acts as a "thermal breaker" to protect
against runaway heaters. This fully automatic scheme does
not require crew monitoring during normal operation, and it
is considered by North American to be more accurate, faster,
and more reliable than the Block II scheme.

The baseline system has several shortcomings. The
two major problems seem to be: 1) the control is "bang-bang"
or "on-off" causing power surges, and 2) although the baseline
scheme is considered more reliable than Block II, a failure in
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the series thermostat would effectively eliminate an automatic
control circuit. With an open failure, heater power is lost,
and with a closed failure, protection from a runaway heater is
lost.

The new scheme, proposed by North American, would
either solve or greatly reduce these problems. In addition,
as indicated in Figure 2, the new scheme is better in other
respects such as accuracy and response. (Accuracy may be
important for PVT gauging.)

In the new system, different control electronics
would be used on small and large heaters. There are approx-
imately 15 to 20 small heaters (<45 W.) and 10 to 15 large.

On small heaters, a mercury capillary (thermometer) with

solid state switching is proposed. The device has a
reliability of 0.9998, is very accurate, and such devices

have been used on other spacecraft such as Mariner 4 and the
LM RCS. It is an "on-off" control, but with the small heaters,
this is not a drawback. For the large heaters, a proportional
controller, such as a resistance Lcmpcraturp dcevice with a
bridge circuit connected to an amplifier, is proposed. This
device is very reliable (0.9998) and accurate, and it would
proportion power to the heaters thus eliminating the power
surges. In addition, the failure mode is an open circuit
thus eliminating the need for a thermal breaker and the
corresponding threat of a runaway heater.
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is needed or just desirable seems to depend primarily on the

chances of thermostat failure and on the importance of power
surges.
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According to the North American AAP Failure Modes
Effects Analysis Document, thermostat failure has a "low
probability" of occurring. This seems to be confirmed by the
successful operation during Apollo flights 7 and 8. Therefore,
although the problem certainly exists, the probability of
failure seems to be low enough to accept.

Power surge problems are difficult to assess, but
it is clear that large power margins must be maintained to
accommodate the sudden starting of large heaters. For examplc,
the largest heater is 255 watts. The proportional controller
would substantially reduce the needed margin, although average
power usage would not change appreciably for the mission.
Although the surge problem may be solvable, North American
indicates that the design difficulties are substantial.
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Thus, a cursory examination indicates that the
change to new control electronics is not strictly needed,
but desirable. To finalize an evaluation of this change,

a measure of its impact on scheduling and cost is needed.

- At this pcint, no comprehensive inforrniation along these
lines is available; however, North American feels that cost
and scheduling deltas are small, especially when they are
balanced against savings in electrical power system redesign.
This seems reasonable since even the presently baselined
system is significantly different from Block II in design
and in the number and type of heaters controlled. (Only
10% of the Block II heaters have been retained.)

On May 1, 1969, North American is required to
submit a study justifying the heater control electronics
change.

The author would like to acknowledge the help
of B. W. Moss in this evaluation.
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1022-GMY-mef G. M. Yanizeski

Attachments
Figures 1 and 2
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